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use Oi‘ mRANSISTORS TOR COMTER™ING DIRTC™ CIRITN™
.‘ , .
Yu, Y. Zakrarov

In the article there are nresented exparimental material on the use of
transistors for converting direct current.

At the vresent time wide use ie¢ mul!e~ 0“ tha conversion o DC on 'transis-
tors. This is explained by the fact that such converters have a substantial
advantage over vidration and electrical-machine cenverters, Arong these ad-
vantages one can cite:

a) higher devendabiiity in operatinn and a lonzer perior of service due
to the absence of mechanical contacts and movineg wmarts;

b) possibility of effecting conversion to frequencies of from some hund-
reds of cp- up to five to ten thousand cye, which maves it vossible ‘o da-
crease sharvly the dinensirns and weight of the trangformers and smocthing
filters;

c) in most systemsg higher efficiency (0f the order of 70 to 9n%).

4) higher stadility as againg® the action o* cliratic and mechanical
factors.

At the vnresent *ime there rave been develoned converters o4 DC with a
current of some units of watts un to some hundreds 0of watts onto an outrut
voitaze of from 1,5 to 27 v, Resides, on the transistors one c=n accomnlie*
the conversion of AC with very high efficlencyry.

In the conversion of DC one uses nonly flat triodes which have little cutout
r.esis*ar.cc in the o—en system (in saturau;—sn) and gZrea* resistance in the
closed system and ~hich allow for commutation of cuite stronz currants, ™ese
quﬂrem;nh are satisfied by triodes P3, Pi, P201—Pp203, snd the newly develomed

vowarful triodes of the type P207--P210 mut ocut dy the natinnal industry,
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&xﬂoriqriencc'in the develonment And evnarimental ragearches show ihat
devendadle op;rntion of converters con he assured only with a correct of
worxing _with the triodes,

1t s hecé.cary that the temnerature o7 the monocrystal of germanium as
well as the reverse voltagze appiied to the electron-hole-tyne transits doey
not exceed the vermissidle iimit values,

The temperature of the triode 1.determined by the temperature of the
surrounding redium, the power distributable in the triode, and the effective-
ness of its cooling.

Taking into consideration trat the apparatue csn workx at a given level
of temverature of the surrounling air, and@ that the vermiceidle limit of
temperature for the crystal of germanium ie 80 to 90°C one csn determine the
nermissidle overteating,

The power dissipatable in the triodes in working in the system of &
converter of DC is made uvp of the followine components:

losses drought about by the outvut resicstance of the tricde in the eystem
of saturation, which do not exceed 0.5 to 0.6 v for triodese Ple

losses occasioned by the inertia of the resorPtion by tha current car-
riers in the triode and the nonrectangular form of the curve of the voltaze
on the windings of the transformer, called Junction losses which ¢epand on
the frecuency properties of the triode and the system of 1tsa connecti;z uvn,
as well as on the methoa of accomplishing the feeddack (for the converters
with autcexcitatior):

losces conditioned on the current through the collector traneit of the
triode during the veriod of overation when it is closed, Thege losres de-
verid on the value of the zero current of the co!i-ctor of the triode mnd the

feed voltage, and in tricdes of the tyve Pi they may amount *n 0.3 to 0.5 v;
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19sses from the currenmt throughthe base 0f the trioda, not coing hicher
tMn. 0.3 v. .

The total vover dissivatable in the triode in obp'xl-atipg in the circuit
of a converter can amount to 1 or 2 vt, which leads to the need for applying
additional heat drainage in the form of copyper or dural vlates and cylindrical
radiators. In a number of instancer of confucting away heat there is used
- the frame of the unit, In thie case to insulate the triodes “rom the “rare
there is used mica of a thickness of 0.1 to 0.05 wm or other insulating film
materisls,

In connection with the fact that the triode should operate in a very
broad range of temue rature exvmeriments were conducted with the bdasic elec-
trical varameters of the triodes of the tyve P with chance of temwerature
of the freme of from —Sf to 4-90°C.

: The coefficient of am=
—i_— . }

Tk

p‘l {fication of the current

. "—@—m g |
, g g 1o ? f——ﬁ ' for the system of a genersl
o emitter on the raisine of

Pig. 1. Diagram showing thé vrincivles of the

the temperature from —50 to
unit for measuring the ouncture voltage of

: +20°% drops by 20 to 0%, and
the triode

on “urtter raising the tem=
ature to --90°C 1t drops insignificantly (by § %o ?78).

In agreement with the lowering of the coefficient of amp'ification wifh
the raising of the temperature thrers 1s an increase in the dropping of the
voltage on the triode in the system of saturationm,

The zero currert of the collector Junction of the triode on the reieire

of the temperature increases sharply reachinz at a ‘emperature o M0 to

4-90°C on the average S *0 10 ma, while the factor of the change in *he zero
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'Geront dromns wtth.the increase in the voltaze avvlied to the co' ector
Junction, ‘

Yor example, the factor of increases in the zero current o” the collector
with a voltage of S0 v in the interval of temverature of +4-20 to +9n°cl does
not exceed 3 to 5.

"he powerful trioldes mut out at the nregent *ime o’ the type Pi, ae prac-
tice has thown in their use, require additional chacking “or the limitine
allowable collector voltaze, The existine vrocedure of classification of
triodes in accordmce with reverse current Aoes not enable one to assure
high devendability in the functioning of triodes at voltages close to *he
limit of the vermiselble. In this connection recently there has been aonlied
a vrocedure of classification by the vuncture collector voltacze in the scheme
vresented in Fig, 1. .

The yuncture voltaze is deterrined with the aid of an oscillogrenh =nd a
voltreter in accordance with the sharp bend in the voltmetar‘cbnrnc%orictic
of the collector junction (Me, 2),

b U Z s :
| rj:,——"k s In the ¢age of *he avmlication

. .
//1,/" of tre triodes in two-cycle circults

and “or assﬁring etadility of +he

i functionine in narallel connectine

Mg, 2. Toltmeter characteristic o’ the .

it is fearidle %o introduce the

of the collector junction of the triode
. claseification of triodeg by the

steevness of the junction characteristic S (denendence of Pyx = (T, vhich

can be determined in accordance with the formla .
S = Ao )

V30ax —Tq
vhere Ikn is the amplitude of the collector current of the triofe,
Uss is the voltaze on the input of the triode (AC),

Ug 1s the threshold voltage » — n of the ‘lunction, which for the existing
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triodes can be taken to de of the order of 0,27 to 0.%v,

Yor mea.;xri;'g the steevness of S one can use the circuit oresented in
Yig. 2 or the ordinary or the ordinary scheme fo.x_' taving the statigtical
characteristics of the triodes,

One can show that the steevness of S 1s determined dy the coe’ficient
of the amplification b in the intut resistance, which makes it possib'e to
vick out by one varameter the triodes for the two-cvcle sys*em =2nd for
varallel connectinz,

In this conaection for all t‘he trioldes develoved 2nd put out at the nree-
ent tire 1t 1s feasidble to introduce the classification by the staepress of
the Junction characteristic of the triode,

Let us consider the circuits o the converters of AC. ™he sing'a-cycle
circuits of the converters (Meg. 4) found avnlication for the conversion o’
relative mal.l _mowers _(o" tha_e order 0% 2 to &4 v). Howevar, as investign*ions
have shown, they can he
successfully used aVso for

the conversion o* consid-

erably greater power,

In single-cycle cir--

A ) : cuits there are vossidle
Fig. 3. Drawing shoving the principle of the .
. two methods of connectine
setup for measuring the steopness of the junc-

the diode in the circuit of
tion characteristic of the triode .
the gecondary windin® -
in the direct or reverse 4direction. In the direct connecting of tho diode there
16 current in the secondary winding when the trio?s {s cloud; In the opers~
tion of converters with thrse methods o connacting the diode trere is mh.

ctantial difference.

FID-T"-63-179/1 ¢ 2 ‘ 5

¢ ssmmid b



Tadle ) .

- In the circuit with ¢the pa.
Input vol- | ©fficien- |Power Pn, v, with .
‘ verse connection of the Alode the
tage, v cy, ¢ diode closed
power tranemitted to the V0sd e
reverse direct ) :
‘ detarmined by that magnetic snersy
’ 2.4 60 1.7 | A.§
‘ _ which arcumlates in the infuctiv-
hoa 70 3-3 6.6 ’
: ity of the trans”ormer in the
6.0 20 ) b6 9,7
cource of time when the triode is
12 -80 9.4 IR
meu.
24 80 : 12,8 25
The yulee of the input cur-

rent of the converter for such a circuit has a triangular form, The form of
the mulee of the inmut current and the maximum wvalue for the collector cur-
rent vermissidle for a given tyve of triode determine that masnetic enerzy

which accumilated in the inductivity,

In the circuit with tre direct

connection of the diode the current : ¢

in the secondary winding flows during

that period of time when the triode

is oven, . . ; Y

In thies case the form of the 1

+
™lse 'of the orimary current will bYe c
?
nearly rectangular, as a result of -
which the vower which may Ye con-
verted with the aid o such a sys-~
-
tem will be t-ice as zreat as the T e e e e e e S
Mg, 4, Diagram showine vwrincinies o® cire
vower which can be converted with cuit of single-cycle converters of AC with

- different ways of connectine the triodes
tre aid of a circuit with reverse

2) vith the common emitter, b) with the
connection of the diode. i

° common collector
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In the tadle ihere are nresented the comwuted values o7 the vover on thre
outout of the.eonverter (Pg) for the two schemer of connectine tha diode
while using one triode of the tyve Fi (Iyy, = 2.5 amm, Thy, = 50 v),

It .10 necessary %o note t-at in the gcheme with ths direct connection
0?7 the diode for assuring a detemtne;l vorosity of the vulse 0? the inmt cur-
rent and limiting of tr» amount of the voltaze on the windines o¢ the trans-
former in the nonoverating vart of the veriod thers ia used a bdlockine canac-
" ttance Cen (Fig, b).

One should also note that with low invut voltages the sinzle-cycle cir-
cuits enable one to make use of triodes more effectively than ia the two-cyale
circuits. This is exvlained by the fact that the triode can onerate, doth
with the maximum collector current and with gquite high coVlector voltage, in.
devendently of the amount of inwut voltage,

The widest aveclication is being made at the present time of converters
of DC assembled with the two-cycle circuits, both with self-ercitatinn and
with a master oscillator.

The two-cycle circuite enable one to accomplish the convérston +ith the
higrest efficiency (70 to 90%), In the two<cycle syste~g thare is ngsured
good use of the transfom"er. and 1ts dirensione will be less than with the
same vower using the single-cycle system,

In Fig. S there are presented the most widely used achemes of converters
of DC. In connection with the fact that in using systeme with a common
emitter (Mg, 5, a) ordinarily it ie necessary to insulate the triodes and
their radiators from the frame of the unit it is to the roint to nee cire
cuits with a common collector (Piz, 5, B), or with a common smitter and
united colkctors (Fiz, 5, ¢), which enable one to fasten the triodes direct-

ly to the frame of the unit, and, consecuently, to assurs thes greates effect-
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iveness in their co.oltng. In their electrical characteristics the converters
designed in nc;cordance with the circuits in Flg. 5, ® and ¢, practically do
not differ from the converters designed in the system with a common emitter
(Tig. S, a). .

Practical interest is afforded dy the two-cycle system of converter
with the connecting of tre triodes on the scheme of a common dase and loin-
ing of the.collectors (Mg, S, 4). It ia feasible t0 une the scheme dheine
considered for magter oscillators since it enables one to agrure hich denend-
2bi11ty of the working of the triodes with ralsed feed voltage (27 to 30 v),
high stability of the workine varts, and sufficiently 2ood rectansularity of
the curve of voltage on the windings of the transformer,

Without dwelling on the vrincivle of the overation we wil' tou~h some
orobdlerms in the practical qppncation of practical application of converters
on the two cycle system. The most important problems in the deve!opment of
converters of DC are: choice of the frequency of the current, the core of the
transformer, and the mode of its operation, and the system of the vorkine of
the triodes and ways of connecting them, .

The choice of the frecuency is made with coneidrration for the minimum
effect of radio interference,created by the converter, om the ammaratus, and
also with a view to odtainine the maximum efficlence and minimum weight of the
converter,

In using converters in an appara*us of commnication 1¢ is feaeidle to
select the frequency either delow 300 cps or higher than 2,0 %cps. One
should note that with a frequency of two or three kcps the efficiency of the
converters dezine to go down noticeadly as a reeult of the incresse in the
relative magnitude of the junction losses in triodes, At the present time

there are ways projected for lowerine the junction losser inthe triodas by‘

PI-™.63.179/1 4 2 i



(L

Mg, S. Diagrams ;hoving the orin- _—:,::1:

cinles of the circuits of the two- e X }l * )
cycle converters of voltage with b

different methods of connec*i;ﬁg :»L S ) 9 ’

the triodes:

a--with cormon emitter,

b=--with common collector,

ce-vith common emitter and jJoined

collectors,

d--with common base and joined col-

lectors

connecting them on a scheme with a cormon base, and also thréugh the use
of the feedbdack on the current, which enadles one to raise the w;)rkin‘ ree
guency above 2 to 3 kcos while xeeving the hizh efficiency (adove Roﬁ).

It is very important for obtaining high efficlency in a converter ‘o
‘choose corractly the system of working of the transformer, It 1s advanta-
geous in transformers to use tape cores fron steel KhYP of a thicknens of

0,08 to 0.05 mm, It is v.ry suitable as core material to use remﬂloy "
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terials with a rcc;.angular hysteresig loov. However, such materials find
practicai uy_pncauon only after industry has taven over serjocusly the pro-
duction of cores with a rectangular hysteresis loop.

With freouﬂngln of *he order of S to 10 xcrne ong ‘ﬁqes tronnformers ;'uh
cores rade of oxide of ferromegme*ic material) with initis Penetrﬁa’ion factor
of the order of 2,000 to 3,700, It ig most feasidle to use manganese-zinc
oxyfers (oxides of ferromagnetic material) which have considerables stadility at
terperatures of 100 to —-120°C. .

As a result of the nonsinusoidal quality ;:f t he currents and the voltazes
in the converters during overation there arise radio disturbdances in the spec-
trum up to 30 meguherts., The level of the voltagers of the radie disturbances
can reach tens and hunireds of thousands of microvolts. Yor suppressine the
radio interference one uses U-chaved filters on the inmt of the converter,
The inductivity of the choke of the filter selected 1s arocund 40 to €0 pry
and the ca—~acitance of the cavacitors 4 nd (it is necessary %o use vaver
cavacitors).

Yor determining the verformance of the converters durine protracted -«or\:—'
ing tests were made over a veriod of service of a geries of DC converters
with amdient temverature of the air -}20 and -50°C. ™he resnlts of the
tests showed that after that after 3,00 to 6,000 hours of contimurus work
the afficiency and the output vower o* the converters changed dy 1 to 5%,

In connection with the advantages indicated adove of *he DC converters
based on sericonductor triodes (transistors) 1t 1s profitable to continue
the work for 1nprx;vement of treir characteristics in the direction of ver-
fec*ing the circuits, raising the oosrating “recuency, an? the ueing of

nev spall=dinensioned varts,
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